Introduction
The major interannual variability of the atmospheric circulation in the North Atlantic region can be represented by the variation of the North Atlantic Oscillation (NAO) index. The NAO is a temporal fluctuation of the zonal wind strength across the North Atlantic Ocean due to pressure variations in both the subtropical anticyclone belt and the subpolar low near Iceland. An index of the NAO is the difference between normalized mean winter (December, January, and February) t•ressure anomalies at Ponta Delgada, Azores, and Akureyri, iceland [Rogers, 1984] . (The winter sea level pressure (SLP) anomalies at each station are normalized by dividing the longterm standard deviation of the mean pressure.) The NAO is intimately related to the behavior of the Icelandic Low . [Chen el al., 1997a; Chen and Bromwich, 1999] . This variable in • coordinates plays the same role as the geopotential height •x,y,p,t) does in p coordinates, so it is referred to as the equivalent isobaric geopotential height in c• coordinates.
The 850 hPa and other lower levels over Greenland are actually below Earth's surface, and the vorticity and temperature advection cannot be meaningfully computed for these levels. Orographic effects are difficult to handle in the rs equation with p coordinates. Thus a generalized rs equation without the quasi-geostrophic approximation and based on the equivalent isobaric geopotential height in • coordinates was developed by Chen and Bromwich [1999] ; it was used to retrieve precipitation over Greenland for 1987 and 1988 [Chen et al., 1997a] , with reasonable results being obtained. The relationship between precipitation and cyclonic activity near Greenland was also studied.
In this paper, this rs equation method is further used to retrieve the precipitation over Greenland for 11 years from 1985-1995 based on the twice daily operational analyses at 0000 and 1200 UTC from the European Centre for MediumRange Weather Forecasts (ECMWF). The seasonal and interannual variations of the precipitation for these 11 years over Greenland and its sub regions are evaluated. Because the spatial resolution of the variations of Greenland precipitation retrieved by this dynamic method is higher than those •,•mputed from other methods [Bromwich et al., 1998 ], the relationship between the NAO index and precipitation over Greenland and its sub regions can be studied in some detail.
It is shown by Chen et al. [1997a] that the most important weather system producing precipitation over Greenland is the frontal cyclone. The position and intensity of the monthly mean cyclone near the Greenland area have a close relationship to the precipitation over that region. The NAO is also intimately related to the features of the mean Icelandic Low. Thus the physical basis of the relationship between precipitation over Greenland and the NAO is discussed.
Precipitation Over Greenland and Its

Seasonal and Interannual Variations
Retrieved Mean Precipitation Over Greenland for 1985-1995
The generalized co equation without the quasi-geostrophic approximation and based on the equivalent isobaric geopotential height in v coordinates is shown by Chen et al.
[1997a] and ('hen and Bromwich [1999] . The procedure for computing precipitation from the vertical motion is presented in the appendix. The precipitation is calculated twice per day based on the operational analyses at 0000 and 1200 UTC from ECMWF. The annual precipitation is derived by adding daily precipitation amounts for 1 year.
Four-dimensional data assimilation (FDDA) systems for limited regions are still under development and are computationally very demanding. Because we only want to determine the primary features of the annual precipitation over Greenland, the simple dynamic method is adequate for our application.
The computational domain and topography of Greenland are presented in Figure 2b of Chen et al. [1997a] ; the mesh size is 111x81, and grid spacing is 50 km. Using this rs equation method, the mean annual precipitation distribution The spatial distribution of the long-term accumulation synthesized from glaciological data is described by Ohmura 
Seasonal Variation of Monthly Mean Precipitation Over Greenland and Its Sub Regions
In order to show precipitation in different seasons, the •nean precipitation distributions in January and July averaged l',,r 1985-1995 are shown in Figures 1 b and !c, respectively. It is seen that precipitation over the southern part of Greenland along the southeastern and southwestern coasts is larger in January (winter) than in July (summer). However, the precipitation over the northern part, including its western and northern coasts and central interior region, is larger in July (summer) than in January (winter). The seasonal precipitation ß .'ariations measured at coastal stations agree with this depiction [/3erthelsen e! al., 1993, p. 32]. The seasonal variations of precipitation over the southern and northern parts of Greenland are opposite, and greater precipitation amounts in these two parts occur in January and July, respectively. Thus it is advantageous to separate Greenland into several sub regions to study their seasonal features. shown in Figure 3c . The seasonal precipitation variation in this region is not well defined.
The annual variation of the monthly mean precipitation for all of Greenland averaged over the 11 years and the associated standard errors are presented in Figure 3b . Because the majority of Greenland precipitation falls in the southern region, the maximum months (February, May, and November) of the two curves in Figure 3b are the same, but the amplitude of annual variation over all of Greenland is much smaller than that over the southern region. The standard errors of the mean values for all of Greenland are very small. Because the seasonal variations of precipitation over the southern region are opposite to those over the northern coastal, central-west coastal, and central interior regions, the average seasonal variation for the combination of these two kinds of region must be relatively small.
Interannual Variations of Precipitation Over Greenland and its Sub Regions
The interannual variation of the mean precipitation over all of Greenland from 1985 to 1995 is shown in Figure 4a The interannual variations for the precipitation over the central west coastal region and those of the NAO index in winter and fall are shown in Figures 5c and 5d , respectively. The corresponding correlation coefficients are also relatively large at -0.65 and -0.60, respectively. All of the above correlation coefficients are statistically significant at better than the 92% confidence level using a one-sided t-test [Haan, 1977] The procedure for computing precipitation from the vertical inotion is presented by Chen et al. [1997a] . Only large scale condensation is considered, and the computation procedure is similar to that discussed by Arakawa and Lamb [1977] . The temperature variation for a time step is computed from horizontal and vertical advection and adiabatic variation based on the thermodynamic equation. The specific humidity variation for a time step is deduced from the continuity equation for specific humidity. In these equations, the sigma vertical velocity, C•k+l/2 is obtained from (A16). The precipitation rate is only computed for one time step, which is 30 rains, and then it is applied to a 12 hour period. The precipitation is calculated twice per day based on the operational analyses at 0000 and 1200 UTC from ECMWF. The annual precipitation is derived by adding daily precipitation amounts for the whole year.
